Assessing athletic performance is vital for athletes, coaches, and scientists to identify changes in performance over time and use that information to enhance the training program. Evaluating vertical jumps is a common method used to assess expression of lower body muscular force and power, as well as serving to practically predict performance outcomes. 1, 2, 3 Additionally, vertical jump testing is reliable and valid in its estimation of explosive muscular power, 4 power development, 5 and as an indicator of performance.
Two primary jumps utilized to measure athletes' jumping ability are the squat or static jump (SJ) and countermovement vertical jump (CMJ). The SJ assesses lower-body concentric strength and power while the CMJ can assess lower-body reactive strength and power (SSC incorporation). 7 The stretch shortening cycle (SSC) is highly utilized in many sports and sporting activities in which reactive ability is necessary. Furthermore, the more efficient the SSC, the better the rates of force development (RFD), 8 which itself is an important determinant of athletic performance.
The literature examining the physical characteristics of athletes is abundant. However, the need still exists for data investigating the relationship and predictive nature of anthropometric characteristics to athletic characteristics. Relationships of female athletes' body composition to their athletic performance is especially important as they have a greater propensity for injury (lower limb ligamentous injuries, stress fractures, etc.) compared to their male counterparts, 9, 10, 11 with poor body composition and the resultant power-to-weight ratio decrease as a possible culprit. However, this can be obviated by identifying discrepancies and altering the training (if necessary) to benefit the athlete (increased strength, lean body mass and decreased fat mass). 12 Therefore, the purpose of this work was to determine the relationships between specific measurements of body composition and performance over a variety of vertical jumps in collegiate female athletes. The authors hypothesized that athletes with greater percentage of bone-free lean tissue mass will be better jumpers and that body composition will be a strong predictor of jumping ability. Additionally, athletes with greater reliance on jumping during competition and training are hypothesized to be the better jumpers.
soccer, volleyball, or dance team, volunteered for this testing protocol (all participants (n = 21) = 19.8 ± 1.3 yrs; 168.4 ± 7.5 cm; 65.5 ± 12.2 kg; soccer (n = 10) = 19.6 ± 1.3 yrs; 165.9 ± 4.8 cm; 63.7 ± 8.7 kg; volleyball (n = 6) = 19.8 ± 1.0 yrs; 179.9 ± 5.1 cm; 76.1 ± 14.1 kg; and dance (n = 5) = 20.3 ± 1.8 yrs; 163.4 ± 6.3 cm; 56.8 ± 6.4 kg). Athletes were injury free and cleared for participation by their respective coaching staffs. Participants signed University approved Institutional Review Board consent documents (IRB Protocol # 10-045).
Testing Procedures
Testing consisted of two sessions, separated by at least 48 hours, during which the athletes were assessed on several measures of anthropometrics and vertical jumps. The initial testing session required measures of standing height (SECA stadiometer, Birmingham, United Kingdom), body mass (SECA digital scale, Birmingham, United Kingdom), and body composition (dual-energy r-ray absorptiometry (DXA), Hologic Discovery W, Bedford, MA). Full body DXA scans were executed with participant supine and measures included total body percentage of fat mass (%FM); bone mineral content (BMC; g); bone-free lean tissue mass (LTM; kg); and percentage fat free mass (%FFM; kg). The second testing session included all jump protocols. Initial normalized warm up consisting of 5 minutes pedaling a cycle ergometer (Monark cycle ergometer, Vansbro, Sweden) at 0.5 kp between 50 -60 rpm. After 5 minutes of rest, participants then completed three different jump modalities in the following order: fixed static jump (SJ); fixed countermovement vertical jump (CMJ); and a 30 cm depth jump (DJ) with a 50% effort jump preceding each condition. One minute rest was allotted between jumps and 3 minutes between jump types. The SJ was performed from a 90º knee angle with participants maximally jumping vertically on cue, with no countermovement. SJ characteristics were: jump height (SJ Ht (cm)); force per kg body mass (SJ Force/kg (N/kg)); power per kg body mass (SJ Power/kg (Watts/kg)); and velocity (SJ Peak Vel (cm/s)). For the CMJ, athletes descending to a selfselected depth and jumped as high as possible. CMJ measures included: jump height (CMJ Ht (cm)); force per kg body mass (CMJ Force/kg (N/kg)); power per kg body mass (CMJ Power/ kg (Watts/kg)); and velocity (CMJ Peak Vel (cm/s)). The DJ was executed with athletes standing on a 30 cm box, stepping off and upon landing, attempting to jump vertically as high as possible while (verbal command was given to) minimizing ground contact time. DJ measures included: force (DJ Force (N)); power (DJ Power (Watts)); and velocity (DJ Peak Vel (cm/s)). For all jumps, hand position was fixed just superior to the lateral iliac crest.
All jump data was collected with a MyoTest® (MyoTest SA, Sion, Switzerland) triaxial accelerometer device at preset rates suggested by the equipment manufacturer (SJ and CMJ at 200 Hz, DJ at 500 Hz). The MyoTest® was placed on an adjustable belt, just below the fixed location of the hands on the left side, for all jumps and data was averaged from 3 maximal trials of each jumping condition.
Statistical Analysis
A Pearson product-moment correlation matrix with twotailed tests of significance were performed (a priori alpha level of p ≤ 0.05) on all data using PASW Statistics 18. Correlational strengths were based on the following ranges: 0.0 -0.1 is trivial or very small; 0.1 -0.3 is small, low, or minor; 0.3 -0.5 is moderate or medium; 0.5 -0.7 is large, high, or major; 0.7 -0.9 is very large or very high; and 0.9 -1.0 is nearly perfect to perfect. 13, 14 
Results
The results from the correlation analyses are presented as only the statistically significant relationships (in descending order of strength) between the measures of anthropometrics, SJ (Table 1), CMJ (Table 2) , and DJ (Table 3 ) and subclassified as All Participants, Soccer only, Dance only, or Volleyball only.
Anthropometrics
Data indicated that all body composition measures, especially those related to %FM and %FFM, are closely associated. Table 1 illustrates the relationships of SJ to the other jumps and to body composition measures. The SJ showed moderate to strong correlations to all jumping conditions for All Participants (r = 0.44 through 0.91), Soccer (r = 0.63 through 0.97), Volleyball (r = 0.82 through 0.91), and Dance (r = 0.88 through 0.95). Dance also showed strong relationships between the SJ measures and BM (r = 0.94), BMC (r = 0.94), and LTM (r = 0.94), while strong inverse relationships were identified between SJ and %FM for All Participants (r = -0.58) and for Soccer (r = -.078). Table 2 indicates the relationships of CMJ to the other jumps and to body composition measures. The CMJ showed moderate to strong correlations to all jumping conditions for All Participants (r = 0.44 through 0.97), Soccer (r = 0.67 through 0.94), Volleyball (r = 0.80 through 0.99), and Dance (r = 0.99) while, in addition, there were strong inverse relationships for the CMJ and %FM for All Participants (r = -0.55 through -0.66) and for Volleyball (r = -.082 through -0.87). Table 3 illustrates the relationships of DJ to the other jumps and to body composition measures. The DJ showed moderate to strong correlations to all jumping conditions for All Participants (0.46 through 0.61), Soccer (r = 0.65), and Volleyball (r = 0.77). There were moderate to strong relationships between DJ and BMC, %FFM, BM and LTM for All Participants, Soccer, and Volleyball (r = 0.47 through 0.87) while strong inverse relationships existed between the DJ and %FM for All Participants (r = -0.58) and for Volleyball (r = -0.79).
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Discussion
It is expected that measures of jumping performance be predictive of one another as they are ultimately measures of muscular force production and similar patterns of expression from the same lower extremities. 15, 16 The predictive nature of body composition, however, is noteworthy. The data shows the particular relationships between %FM of the athletes and jumping performance. It is clearly demonstrated that a strong predictive factor of better jumping (and theoretically, improved athletic performance) is decreased %FM. This indicates that ultimately improving body composition is associated with (or can be a predictor of) better jumping performance. If improved body composition is directly related to better performance, then training athletes to increase LTM (by including hypertrophic protocols and exercises at various times during the training year) and reduce fat mass should be paramount when considering training and nutritional schemes. Additionally, the reviewed literature reports successful methods for training athletes to specifically achieve increases in hypertrophy, muscular strength, power, or jumping performance and these protocols also ultimately increased athletic performance. 17, 18, 19 The strong inverse relationships between SJ and %FM for All Participants and for Soccer as well as the strong relationships between the SJ measures and BM, BMC, and LTM for Dance provide an important conclusion. This data illustrates that the particular requirements of these disciplines (i.e. greater time course of force generation, when compared to Volleyball) have a very specific carry over to the outcome measures assessed, in this case the SJ.
The CMJ showed moderate to strong correlations for all jumping conditions for All Participants and strong inverse relationships between the CMJ and %FM for All Participants and Volleyball. This data, as did the SJ data, illustrates that the particular requirements of a sporting disciplines carry over to the closely related outcome measure. That is, the CMJ, an activity that fulfills a large percentage of the sporting requirement of Volleyball, especially when compared to Soccer and Dance, has strong relationships to the body composition of these athletes 20 while movement pattern specificity of the CMJ is also very similar to Volleyball (high force, high velocity, large involvement of the SSC, reactive jumping) especially when compared to Soccer and Dance.
The DJ showed moderate to strong correlations to all jumping conditions for All Participants, Soccer, and Volleyball as well as strong inverse relationships between the DJ and %FM for both All Participants and Volleyball. Additionally, strong relationships between DJ and measures BMC, %FFM, BM and LTM were identified for All Participants, Soccer, and Volleyball. The DJ not having any statistically significant relationship to Dance is likely because of the nature of the training and competition activities of the Dance group seldom requiring a reactive component. That is, the requirements of Soccer and Volleyball may include explosive movements such as jumping/landing/cutting/running that can be immediately followed by another explosive movement and this reactive nature of training and competition is manifested by DJ ability.
Conclusion
In conclusion, athletic/physiological characteristics must be monitored in order to better understand the training process of athletes, identify depressed performance, and to assess the long term progress of individuals and teams. This work illustrated relationships in some of the more commonly measured characteristics, especially at the beginning of a long term monitoring program. From this data, the authors identify two major conclusions: 1) outside of jump modalities relating to one another, %FM and ultimately body composition are important predictors of jumping performance and; 2) jumping metrics can and will reflect the athletes that they measure. The athletes who compete and train with more reactive, explosive, high velocity countermovement activities (Volleyball) will have more significant, stronger correlations with the CMJ and DJ. 20 The athletes with who compete and train with a combination of the explosive activities and those intended to maximize force production (Soccer and Dance) will result in stronger significant relationships with SJ, while still producing some relationships with CMJ and DJ. 21 Future research should include evaluation of the athletes' strength levels, where the athletes are in their training programs/competition year, and their overall training status.
